We have carried out a human cDNA sequencing project to accumulate information regarding the coding sequences of unidentified human genes. As an extension of the preceding reports, we herein present the entire sequences of 150 cDNA clones of unknown human genes, named KIAA1294 to KIAA1443, from two sets of size-fractionated human adult and fetal brain cDNA libraries. The average sizes of the inserts and corresponding open reading frames of cDNA clones analyzed here reached 4.8 kb and 2.7 kb (910 amino acid residues), respectively. From sequence similarities and protein motifs, 73 predicted gene products were functionally annotated and 97% of them were classified into the following four functional categories: cell signaling/communication, nucleic acid management, cell structure/motility and protein management. Additionally, the chromosomal loci of the genes were assigned by using human-rodent hybrid panels for those genes whose mapping data were not available in the public databases. The expression profiles of the genes were also studied in 10 human tissues, 8 brain regions, spinal cord, fetal brain and fetal liver by reverse transcription-coupled polymerase chain reaction, products of which were quantified by enzymelinked immunosorbent assay.
We have been making efforts to accumulate infor-length of gene products deduced from the cDNAs from mation on the coding sequences of unidentified human brain is over 900 amino acid residues. 2 ' 3 As an extension genes. 1 ' 2 Especially, recent our interest is focused on of the preceding reports, we herein report the coding sethe unidentified genes encoding large proteins in human quence features of 150 new cDNA clones which have the brain since these gene products are likely to play im-potential to code for large proteins in vitro. In addition portant roles in the central nervous system. 2 ' 3 To iden-to the specific features of the newly predicted protein tify such genes, we constructed a set of strictly size-sequences annotated by the database search, the expresfractionated cDNA libraries from human brain and in sion profiles and the chromosomal locations of these 150 vitro transcription/translation system have been applied new genes are also described. The information regarding to select the cDNA clones coding for large proteins prior these newly identified genes would greatly increase our to the determination of their entire sequence. 3 As an al-understanding of the biological functions of human genes ternative method for clone selection, we have recently at the molecular level, introduced a computer-based approach using GeneMark analysis for picking up cDNA clones with a high proba-1# Sequence Analysis and Prediction of Proteinbility of coding for protein. 4 This new approach would be Coding Regions in cDN A Clones expected to minimize the risk of overlooking important cDNA clones which fail to produce proteins in vitro.
cDNA clones to be entirely sequenced were selected The sequences of more than 1200 cDNA clones have according to the following criteria: (1) novelties of their been reported by our project and the total length of the single-pass sequences of both the cDNA ends; (2) podetermined sequences exceeds 6.3 Mb 1 " 3 and the average tentialities of their protein coding. The latter criterioñ z : 77 ... ,. ". ,. was critical for us to conduct our cDNA project effi- RepeatMasker, a program that screens DNA sequences for interspersed repeats known to exist in mammalian genomes, was applied to detect repeat sequences in respective cDNA sequences (Smit, A.F.A. and Green, P., RepeatMasker at http://ftp.genome.washington.edu/RM/RepeatMaskcr.html). Short interspersed nucleotide elements (SINEs) including Alu and MIRs sequences and other repetitive sequences thus detected are represented by dotted and hatched boxes, respectively. a) Accession numbers of DDBJ, EMBL and GenBank databases, b) Values excluding poly(A) sequences, c) Values were calculated from the number of amino acid residues between two termination codons in the case where the in-frame termination codon exists upstream of the first ATG codon. d) Chromosome numbers were identified by using GeneBridge 4 radiation hybrid panel unless specified. The actual primer sequences and the PCR conditions used for the radiation hybrid mapping are accessible through the World Wide Web at http://www.kazusa.or.jp/huge. The chromosomal locations highlighted by asterisks were fetched from the UniGene database. The chromosomal locations highlighted by sharp were referred from the GenBank database because the sequences of the cDNA clones could be found in the genomic sequences whose chromosome numbers were assigned, e) cDNA and ORF lengths were revised by direct analysis of the RT-PCR products, f) Nucleotide sequences were determined after subcloning of the internal Not I-digested fragment. Therefore, cDNA length of these genes represented those of internal Not I-digested fragment, g) cDNA clones were selected by analysis of 5'-end single-pass sequences using the GeneMark analysis. K1AA1443   815  2242  730  1051  745  1471  681  702  1310  1495  426  918  545  519  1005  550  1049  653  768  1514  1093  1151  1286  439  924  409  620  752  579  1265  599  551  1967  891  561  627  573 AF078667 KIAA1294  K1AA1306  KIAA13O9  KIAA1354  KIAA1357  KIAA1362  KIAA1365  KIAA1378  KIAA1405  KIAA1410  K1AA1437   1051  1154  639  632  836  699  831  451  79!  1201  811   P26044  S22697  AF059569  AF059569  S22697  AF038388  U66707  AF059569  AF009624  U03975  U66707   583  464  593  593  464  766  1495  593  242  1125  1495   32  33  30  30  35  33  93  36  91  77  30   24  18  85   86   25  64  100  95  30  68 cDNA libraries derived from tissue poly(A) + RNA. To screen cDNA clones according to their protein-coding capability, we have used an in vitro expression system and recently introduced a computer-based method called GeneMark analysis for minimizing the risk of overlooking important cDNA clones. 2 -4 In this report, 21 cDNA clones were selected by GeneMark analysis and 129 cDNA clones were selected by the in vitro expression system. These cDNA clones were isolated from the size-fractionated human adult brain cDNA libraries Nos. 2 to 5 (insert sizes ranging from 4 to 6 kb) and the size-fractionated human fetal brain cDNA libraries Nos. 4 and 6 (insert sizes ranging from 4 to 7 kb) previously constructed. 2 ' 3 The clones with unidentified sequences at both ends were chosen by single-pass sequencing and a homology search was performed against the GenBank database (release 113.0) excluding expressed sequence tags and genomic sequences. 3 A total of 35 cDNA clones (KIAA1389-KIAA1402, KIAA1415-KIAA1422, KIAA1424, KIAA1425 and KIAA1433-KIAA1443) were selected from the adult brain libraries and the remaining 115 cDNA clones were obtained from the fetal brain cDNA libraries. Entire sequencing of these clones was performed according to the methods previously described in detail. 2 4) . b) Function was classified based on the annotation of the Pfam entry which was hit in the query sequence, c) Only the entries possesing the expectation value (E-value) less than 1.0 were presented. quencing of the major reverse transcription-coupled polymerase chain reaction (RT-PCR) products to precisely predict protein-coding sequences. 5 This examination revealed spurious interruptions in the following clones: ORFs in 7 clones (KIAA1403, KIAA1405, KIAA1409, KIAA1410, KIAA1415, KIAA1424 and KIAA1425) were found to carry single-or multiple-insertions most of which probably corresponded to intronic sequences; ORFs in 7 clones (KIAA1411, KIAA1412, KIAA1413, KIAA1416, KIAA1418, KIAA1420 and KIAA1421) were frame-shifted by single-or double-short insertions or single-deletion (< 5 nucleotide residues); ORFs in 4 clones (KIAA1404, KIAA1408, KIAA1417 and KIAA1423) were found to carry single-or doubledeletions; ORFs in 4 clones (KIAA1406, KIAA1407, KIAA1414 and KIAA1422) were divided into some por-tions by a combination of spurious interruptions including insertions/deletions; KIAA1419 carried a nonsense mutation in the ORF. For those genes, the revised sequences by the RT-PCR experiments, not the actual cloned cDNA sequences, were deposited to Gen-Bank/EMBL/DDBJ databases and used for analyses in this study including prediction of their protein-coding sequences unless otherwise stated. JC5RR7  KIAAO322  SPAC57A7I0  KIAA0456  AF059569  TO373O  S35532  SYT4_RAT  T000I7  A42764  AF062741  ZN43_HUMAN  SYLC_CAEEL  AFO59569  CTNI_HUMAN  AFOK4205  A5S922  AFO3O43O  AF0288O8  HSU73522  CELO11523   KIAAO795  AF1044O2  AF109377  HSU49O82  GEPH_RAT  ZIK4_HUMAN  AFO9O989  JC4355  ZI35_HUMAN  A56734  MMU8R549  CELF10G79  AFOR9730  Z184_HUMAN  AFO5376R a) The definition of homologues used here was the proteins found in the databases satisfying the following conditions: i) the lengtji ranged from 80% to 125% of the query sequence; ii) the ratio of the length of aligned region to that of the original sequence of the query was 80% or greater; iii) percent identity was 30% or greater. The method of homology search was the same to that explained in Table 2 -1. b) The following databases were used. HUGE, our cDNA-encoded protein database (http://www.kazusa.or.jp/huge); yeast, non redundant peptide database from genome-ftp.stanford.edu: /pub/yeast/yeast-protein/yeast_nrpep.fasta.Z; C. elegans, protein database deduced from C. elegans full genome sequence (ftp.sanger.ac.uk:/pub/databases/C.elegans_sequences/C_elegans_proteins_1998-10-16.pep) and the entries derived from C. elegans of OWL, and OWL (release 31.4). In the case of database search against OWL, only the homologue with the highest score to each query was listed, c) The number of amino acid residues of the gene produt. d) The values mean the ratio of the length of aligned region to the original length of the query sequence, in percentage, e) For entries from databases, yeast and OWL, the annotations were listed. For C. elegans, IDs of OWL were listed, when sequences identical to the entries from the full genome were registered in OWL.
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T. Nagase et al. 71 KIAA1416, KIAA1420, KIAA1421 and KIAA1422) seemed to lack regions encoding C-terminal portions due to the presence of a Not I site in their coding regions because cDNAs were digested with Not I before ligation into vector. In contrast, clones for five genes (KIAA1439-KIAA1443) were found to lack 5'-portions of the sequences due to the presence of an internal Not I site in their sequences. For these five genes, the nucleotide sequences of only the region between two Not I sites were determined, since their original clones were most likely to harbor two intermolecularly ligated independent cDNAs. 6 After these revisions, the average size of the cDNA sequences became 4.8 kb and that of the ORFs corresponded to approximately 910 amino acid residues. Physical maps of the 150 cDNA sequences analyzed are shown in Fig. 1 , where the ORFs and the first ATG codons in respective ORFs are indicated by solid boxes and triangles, respectively. Repeat sequences are also shown in Fig. 1 . Comparing the predicted proteincoding sequence for KIAA1299 with those of mouse and rat homologues, 7 ' 8 this cDNA clone seems to encode a complete protein although it possessed an unusually long 5' non-coding sequence expanding more than 3 kb. Table 1 lists the lengths of inserts, the ORF lengths and the chromosomal locations of the respective clones. Chromosomal loci of 66 newly identified genes were assigned using human-rodent hybrid panels, GeneBridge 4 (Research Genetics Inc., USA), 9 since their mapping data were not available in the public databases. The chromosomal locations of the 78 genes, which are highlighted by asterisks in Table 1 , were fetched from the UniGene database (http://www.ncbi.nlm.nih.gov/UniGene). The chromosomal locations of the remaining six genes, which are highlighted in Table 1 , were obtained from the Gen-Bank database because the sequences of the cDNA clones were already assigned to chromosome numbers.
Functional Classification of Predicted Gene Products
The gene products predicted from the cDNA sequences were classified by homology and/or motif search against the following public databases: protein sequence database, OWL (release 31.4), 10 databases of predicted protein sequences from yeast 11 13 and our own database, HUGE 14 (http://www.kazusa.or.jp/ huge). As shown in Table 2 , the 73 gene products were classified into five functional categories. Among them, 53 gene products indicated significant sequence similarity to functionally annotated proteins (Table 2-1). The functions of the other 20 gene products were predicted based on the presence of functional motifs/domains, since they did not show sequence similarity to functionally annotated proteins ( Table 2 -2). In total, 63 gene products (86.3% of genes functionally annotated here) were suggested to have functions relating to cell signaling/communication, nucleic acid management or cell structure/motility. Of the 12 genes in functional class of nucleic acid management, 5 coded for DNA binding proteins carrying C2H2-type zinc finger domains. The average number of these domains among these gene products was about 15. Since the majority of zinc finger proteins in yeast contain only two domains per polypeptide. multiple appearance of C2H-2-type zinc finger domains in a single polypeptide might be a specific character of large proteins in multicellular organisms. To find the genes conserved in other species, we tentatively defined "homologues" as genes sharing at least 30% of protein sequence identity spanning almost the entire region (more than 80% coverage against the query protein sequence). As shown in Table 3 , 48 KIAA gene products were found to have the "homologues" in the databases. Homologues to 9 of the 48 KIAA proteins were found in C. elegans and 3 (KIAA1347, KIAA1352 and KIAA1401) were found in both yeast and C. elegans. KIAA1347 and KIAA1352 were similar to Ca 2+ -transporting ATPase and leucyl-tRNA synthetase, respectively, though KIAA1401 had no similarity to any functionally known genes.
Expression Profiles of Predicted Genes
The expression profiles of the genes newly identified in this study are shown in Fig. 2 by using color codes. 15 KIAA1379 was homologous to rat synaptic dynaminassociated protein I (Syndapin I) 16 and predominantly expressed in hippocampus. The gene expression levels of KIAA1341 and KIAA1366, which were similar to mouse transcriptional suppressor of the myelin basic protein gene 17 and rat neuroligin 2, 18 respectively, were relatively high in all brain regions examined. KIAA1346 and KIAA1434 were predominantly expressed in spinal cord. KIAA1312, KIAA11315 and KIAA1417 were expressed very poorly in all regions examined, but their mRNAs were detected. These expression profiles also provide us important information for identifying biologically important genes characterized in this project.
